Purpose: Diseases such as temporal lobe epilepsy, brain trauma and stroke can induce endothelial cell proliferation and angiogenesis in specific brain areas. During status epilepticus (SE), bone marrowderived cells are able to infiltrate and proliferate, dramatically increasing at the site of injury. However, it is still unclear whether these cells directly participate in vascular changes induced by SE. Method: To investigate the possible role of bone marrow-derived cells in angiogenesis after seizures, we induced SE by pilocarpine injection in previously prepared chimeric mice. Mice were euthanized at 8 h, 7 d or 15 d after SE onset. Results: Our results indicated that SE modified hippocampal vascularization and induced angiogenesis. Further, bone marrow-derived GFP + cells penetrated through the parenchyma and participated in the formation of new vessels after SE. We detected bone marrow-derived cells closely associated with vessels in the hippocampus, increasing the density of blood vessels that had decreased immediately after pilocarpine-induced SE. 
SE induction
Chimeric mice were injected with pilocarpine (280 mg/kg, intraperitoneal, i.p., Merck, Brazil) to induce SE. Fifteen minutes after the pilocarpine administration, the animals began showing stereotypic behaviors and acute seizures, as described previously. 12 SE was characterized by continuous epileptic seizure, rearing and falling, straub tail, and repeated head twitches. Because of the high mortality rate of the chimeric mice during SE, we administered thionembutal (25 mg/kg, i.p.) 30 min after the SE onset. 9 Thus, the total SE duration varied from 30 to 50 min, with Racine stage 3-5 in the first 30 min going down to stage 2-3 after thionembutal administration. At the following time-points post-SE, the animals were deeply anesthetized by overdose of thionembutal (200 mg/kg, i.p.): 8 h (n = 5), 7 d (n = 7) or 15 d (n = 7) and control no-SE chimeric animals (n = 10).
Immunofluorescence
Mice were deeply anesthetized and perfused through the heart with 50 mL of phosphate-buffered saline (PBS) followed by present in the parenchyma were also counted on the same capture images. The slides were examined using a fluorescent microscope (Nikon 80i) and confocal (Leica SP5 TS). Images were captured using a Nikon ACT-1 v.2 system and analyzed using the ImageJ imaging system. Statistical analyses were performed using ANOVA followed by the Tukey-Kramer post hoc test and Kruskal-Wallis followed by the Dunn test. A significance level of 5% was assumed.
Results and discussion
In the present work, the infiltration of bone marrow-derived cells into the brain after pilocarpine-induced SE modified the pattern of vascularization in the hippocampus. After SE, bright points of GFP staining were detected in the vessel walls, which suggests that bone marrow-derived GFP + cells incorporated into the walls of pre-existing blood vessels. These cells were also detected in new branches sprouted from old ones, as observed by continuous laminin-GFP + stained formed branches (Fig. 1) .
Regarding the early stages post-SE (8 h), the number of lamininstained blood vessels with inserted GFP + cells immediately decreased in response to seizures in all three analyzed hippocampal regions (p < 0.001). On the other hand, the number of doublestained laminin-GFP + blood vessels increased in the hippocampus at 7 days after SE (p < 0.001) and continued increasing until 15 days after SE (p < 0.001), which was the last time point examined. When analyzing the three hippocampal regions individually, this pattern was also found in the CA1 and CA3, with a sharp reduction soon after SE (8 h; p < 0.001) followed by a slight increase in 7 days that still differed from control (p < 0.001), reaching its levels at 15 days after SE. In the PoDG, however, the number of GFP + cells present in the blood vessels' walls was significantly reduced in all analyzed time points, compared to the control chimera group (p < 0.001) and the total GFP + blood vessels counted in CA1 and CA3 (p < 0.001) ( Fig. 2A-C) .
As proposed by Ndode-Ekane et al., 6 endothelial cell proliferation and angiogenesis are responsible for recovering from the vascular injury induced by SE by restoring vascular length within 2 weeks after SE. In fact, we observed that 15 days after SE, the number of vessels formed by bone marrow-derived cells in the CA1 and CA3 (not the PoDG) reached the control values (p > 0.05 ns compared to control group; Fig. 2 ). However, the 15th day was the last time-point we examined, in contrast to Ndode-Ekane' long-lasting experiment (two months) which suggested that the generation of epileptogenic circuitry was not correlated with the intensity of vascular injury or angiogenesis. . A significant and low number of double-labeled vessels were detected at 8 h and 7 days after SE compared to CTRL in the three hippocampal areas and after 15 days only in the PoDG (*p < 0.05 versus CTRL group). In the CA1 and CA3, the number of double-labeled vessels increased at 7 and 15 days compared to 8 h after SE (#p < 0.05 versus 8 h group). In the hippocampal parenchyma, the number of GFP + cells (D) increased at 8 h and 15 days after SE (*p < 0.05 versus chronic group). No difference was found between the groups for laminin quantification in the hippocampus (E) (one-way ANOVA followed by Tukey' multiple comparisons test; Kruskal-Wallis test followed by Dunn' test). Data represent the means AE SEM.
The proliferation of endothelial cells and their migration from bone marrow and adjacent tissue give rise to new blood vessels. 11 As presented in Fig. 2 In summary, SE directly affected vascularization in the hippocampus mediated by bone marrow-derived cells. These results are in accordance with other studies proposing that angiogenesis is associated with blood-brain barrier permeability 3 and bone marrow cell infiltration in the epileptic brain. 9 The relation was evident between the time after SE and the number of double-stained laminin-GFP + vessels in the hippocampus, indicating that the number of vessels formed with bone marrowderived cells increases over time after SE. Likewise, it has been suggested that vascular changes are most active during the first month after epileptogenic insults. 4, 5 Once initiated, angiogenesis progressively increases as the time after SE passes. 3 In this regard, the experimental model of pilocarpine-induced SE combined with chimeric GFP animals contributes to understanding the role of bone marrow-derived cells in hippocampal vasculature in a pathological situation and helps clarify some important aspects associated with SE-induced angiogenesis. Nevertheless, it remains controversial whether the increase in vascular density of the epileptic brain represents a progressive adaptation to improve perfusion during seizures 3 or is implicated in the mechanism underlying the occurrence of spontaneous seizures. 4, 5 
